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LAND NAVIGATION

LEARNING OBJECTIVES.

1. Terminal Learning Objective. With the aid of references and given an area of operations during day/night,
military map, protractor, compass, and grid coordinates, navigate using basic techniques, per FM21-26. (SCRS

12.01)

2. Enabling I earning Objectives.

a.

Without the aid of references and given a grid coordinate, state the distance in meters that the grid
coordinate will locate a point within, per FM21-26 (SCRS 1201 01la)

Without the aid of references and given a military map, protractor, and ten (10) eight (8) digit grid
coordinates, plot the points on the map, per FM21-26 (SCRS 1201.01b)

Without the aid of references and given a military map, protractor, and ten (10) eight (8) digit grid
coordinates, measure the distance from one point to another, per FM21-26 (SCRS 1201.01c)

Without the aid of references and given a military map, protractor, and ten (10) eight (8) digit grid
coordinates, determine the grid azimuth between two points, per FM21-26 (SCRS 1201.01d)

Without the aid of references state the procedures used to navigate using a lensatic compass, per FM21-26
(SCRS 1201.01e)

Without the aid of references and given a military map, protractor, and back azimuths from two (2)

known points, plot a resection, in order to identify your position on the map, per FM21-26 (SCRS
1201.01f)

Without the aid of references, state the procedures used to by-pass obstacles, per FM21-26 (SCRS
1201.01g)

With the aid of references and given a checklist, area of operations, lensatic compass, military map of the
area, eight (8) digit grid coordinates, starting point, finishing point, and as a member of a two (2) man team,
navigate during daylight hours in order to locate five (5) checkpoints on a map of the area in a time limit of
four (4) hours, per FM21-26. (SCRS 1201.01h)

With the aid of references and given a checklist, area of operations, lensatic compass, military map of the
area, eight (8) digit grid coordinates, starting point, finishing point, and as a member of a two (2) man team,
navigate during darkness hours in order to locate three (3) checkpoints on a map of the area in a time limit
of four (4) hours, per FM21-26 (SCRS 1201.011)
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OUTLINE:

1. COMPONENTS OF A MAP. A map can be compared to any other piece of equipment. Before you use it, you
must read the instructions. Map instructions are placed around the outer edge of the map and are called "marginal
information." A topographical map is defined as a type of map which portrays terrain features, as well as the
horizontal positions of the features represented. The vertical positions, or relief, are normally represented by
contour lines. All maps are not the same, so every time you use a different map, examine the marginal information
carefully.

a. Sheet Name. A map is named after the most prominent cultural or geographical feature. Whenever
possible, the name of the largest city on the map is used. The sheet name is found in two places: the center of the
upper margin and either the right or left side of the lower margin.

b. Sheet Number. The sheet number is used as a reference number for that map sheet. It is found in two
places: the upper right margin and the lower left margin.

c. Series Name. The map series name is found in the upper left margin. It usually includes a group of similar
maps at the same scale and/or the same sheet lines designed to cover a particular geographical area. The name given
a series is that of the most prominent areas.

d. Scale. The scale note is a representative fraction that gives you the ratio of a distance on the map to the
corresponding distance on the earth's surface. For example, the scale note 1:50,000 on many maps indicates that one
inch on the map equals 50,000 inches on the ground. Maps with different scales will display different degrees of
topographical detail. For example, a map with a scale of 1:25,000 will give more detail than a 1:50,000 map
because one inch on the map represents only 25,000 inches on the ground, rather than the 50,000 inches of the
1:50,000 map. The scale is found both in the upper left margin after the series name and in the center of the lower
margin.

e. Series Number. The series number is a sequence reference expressed either as a four-digit number (1125) or
as a letter, followed by a three or four-digit number (M556; N3341). It is found in both the upper right margin and
the lower left margin.

f.  Edition Number. The edition number represents the age of the map in relation to other editions of the same
map and the agency responsible for its production. For example, EDITION 5-DMATC indicates the fifth edition
prepared by the Defense Mapping Agency Topographic Center. EDITION 6-DMA indicates the sixth edition
prepared by the Defense Mapping Agency. Edition numbers run consecutively. A map bearing a higher edition
number is assumed to contain more recent information than the same map bearing a lower edition number. It is
found in the upper right margin and in the lower left margin.

g. Index To Boundaries. The index to boundaries diagram, which is a miniature of the map, shows the
boundaries that occur within the map area, such as county lines and state boundaries. The index of boundaries
diagram appears in the lower right margin of all map sheets.

h. Adjoining Sheets Diagram. Maps contain a diagram that illustrates the adjoining map sheets. The adjoining
sheets diagram usually contains nine rectangles, but the number may vary depending on the locations of the
adjoining sheets. All represented sheets are identified by their sheet numbers. The diagram is found in the lower
right margin of all map sheets.

i.  Elevation Guide. The elevation guide is a miniature characterization of the terrain shown. The terrain is
shown by bands of elevation, spot elevations, and major drainage features. The elevation guide helps you rapidly
identify major land forms. It is normally found in the lower right margin.

j-  Declination Diagram. This indicates the angular relationships of true north, grid north, and magnetic north.

Recent edition maps have a note indicating how to convert azimuths from grid to magnetic and from magnetic to
grid next to the declination diagram. The declination diagram is located in the lower margin.
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k. Bar Scales. Bar scales are used to convert map distance to ground distance. Maps may have three or more
bar scales, each in a different unit of measure. Exercise care when using the scales, especially in the selection of the
unit of measure. The bar scales are located in the center of the lower margin.

1. Contour Interval Note. The contour interval note states the vertical distance between adjacent contour lines
on the map. When supplementary contours are used, the interval is indicated. In recent edition maps, the contour
interval is given in meters instead of feet. This note is found in the center of the lower margin normally below the
bar scales.

m. Legend. The legend illustrates and identifies the topographic symbols used to depict some of the more
prominent features on the map, such as railroad tracks, buildings, and swamps. The symbols are not always the
same on every map. Always refer to the legend to avoid error when reading a map. The legend is located in the
lower left margin.

2. LOCATE GRID COORDINATES ON A MAP.

a. Grid lines. Grid lines are a series of straight lines intersected at right angles and forming a series of
squares. It furnishes the map reader with a system of squares similar to the block system of most city streets. Two
digits are printed in large type at each end of the grid lines, and these same two digits appear at intervals along the
grid lines on the face of the map. They are called principal digits. They are of major importance to the map reader
because they are the numbers he will use most often for referencing points.

b. Vertical Grid Lines. These run from the bottom of the map sheet to the top of the sheet (grid south---grid
north). They function as the left and right (eastern and western) boundaries of a grid square and are labeled in the

margin.

c. Horizontal Grid Lines. These run from the left side of the map sheet to the right side of the map sheet (grid
west---grid east). They function as the bottom and top boundaries (southern and northern) of a grid square and are

labeled in the margin.

d. Grid Squares. These intersect at right angles of the horizontal and vertical grid lines. The most common
military map contains grid squares that measure 1000 meters by 1000 meters (not 1000 square meters as many
people think). Any point located within the grid square is considered to be part of the grid square.

€. Basic Map Reading Rule. The designation of a point is based on the principle: Read right then up.
Always read right on the vertical grid lines then up on the horizontal grid lines.

f.  Grid Square Identification. It is important that all of you understand how to apply the map reading rule to
identify a grid square and locate a point within a grid square.

(1) The coordinates of a grid square are found by combining the values of the vertical and horizontal grid
lines that form the lower left-handed corner of that grid square.

(2) First read right to the vertical grid line that forms the left (western) boundary of the grid square and
record the principal digits.

(3) Next read up on the horizontal grid line that forms the left (western) boundary of the grid square and
record the principal digits.

(4) The combination of the principal digits that label the vertical grid line and horizontal grid line are the
identification of the grid square or its coordinates.

(5) A four digit grid coordinate locates a point to within 1000 square meters, on the map, which is called
a grid square.
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(6) A six digit grid coordinate will locate a point on a map within 100 meters.
(7) An eight digit grid coordinate will locate a point on a map within 10 meters

3. PLOTTING POINTS ON A MAP.

a. 6-Digit Grid Coordinates. Imagine dividing a grid square into 100 smaller squares. The coordinates
of a point in such a grid square will have six digits (numbers). Each of the grid squares in figure 1201-1 is 1,000
meters long and 1,000 meters high. One of the grid squares is divided into 100 smaller squares--each 100 meters
long and 100 meters high. Note that the lines within the grid square also read RIGHT, then UP. In a 6-digit grid
coordinate, such as 284936, the first 3 numbers are the "read right" part of "read right, then up;" whereas, the last 3
numbers are the "then up" part. To locate point C in grid square 3050 (see figure 1201-1), you should use the
following procedure:

(1) Read right to vertical line 30. Note that point C is 3/10 of the distance toward the vertical line 31.
Werite the vertical coordinate for point C as 303.

(2) Read up vertical line 30 to horizontal line 50. Note that point C is 7/10 of the distance toward the
horizontal line 51. Write the horizontal coordinate of point C as 507.

(3) To write the 6-digit coordinate that locates point C, simply combine the two readings--303507. The
vertical reading is ALWAYS placed before the horizontal reading.

NOTE: Do not actually draw the lines within the grid square (see figure 1201-1), since such lines
would obstruct other information. You can determine a 6-digit grid coordinate by
approximation, or by using your coordinate scale on a protractor. Use of the coordinate
scale is explained in the next paragraph.

51 T

50

29 30 31

Figure 1201-1.

b. Protractor. If you require a more accurate 6-digit grid coordinate than can be obtained by estimation, you
should use a coordinate scale. There are three coordinate scales located on your protractor: 1:100,000, 1:50,000, and
1:25,000. Use the one that corresponds with the scale of the map you are using. In most cases this will be 1:50,000.
To locate point C in grid square 3050 using the coordinate scale on your protractor, use the following procedures:

(1) Place the proper coordinate scale of your protractor on the map so that the zero-zero point is to the
bottom right of the scale (see figure 1201-2).
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Figure 1201-2

(2) Place the zero-zero point at the lower left hand corner of grid square 3050 (see figure 1201-3).

51 =

29 30 31

Figure 1201-3

(3) Keeping the horizontal line of the scale directly on top of the east-west grid line (in this case, grid
line 50), slide it to the right until the vertical line of the scale touches the point (point C) for which the coordinates
are desired (see figure 1201-4)

(4) Examine the two sides of the coordinate scale to ensure that the horizontal line of the scale is
aligned with the east-west grid line, and the vertical line of the scale is parallel with the north-south grid line.

(5) Determine your RIGHT reading by first reading the value of the grid line to the left of point C (30).
Add to this value the number that tells how far into the grid square point C is. In this case, it is 300 meters (see
figure 1204-4). You now have the complete right reading of 303.

(6) Next, determine your UP reading by first reading the value of the horizontal grid line below point C
(50). Add to this value the number which tells how far point C is up in the grid square. In this case it is 700 meters.
You now have the complete UP reading of 507 (see figure 1201-4). When determining both your right and up
reading, round your value to the closest number on your coordinate scale.
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Figure 1201-4.

(7) By combining the RIGHT reading (303) with the UP reading (507), you have accurately determined
that the 6-digit grid coordinate of point C is 303507.

c. Locating Points On A Map. You have learned how to determine the grid coordinates of a given point on a
map to within 100 meters (6-digits). Next you need to know the method of locating a point on your map when given

a 6-digit grid coordinate. To locate a point on the map, using the coordinate scale on your protractor, use the
following procedures:

(1) Locate The Correct Grid Square. To locate the correct grid square, determine the 4-digit grid
coordinates from the given 6-digit grid coordinates.

(a) Split your 6-digit coordinates into two parts. For example, the grid coordinates 025672 would
be split to read 025 for your RIGHT reading, and 672 for your UP reading.

(b) Determine the vertical (north-south) grid line. It is the first two numbers of your RIGHT

02

(¢) Determine the horizontal (east-west) grid line. It is the first two numbers of your UP reading.

o’/

(d) Determine your 4-digit grid coordinates. Combine the RIGHT with the UP reading.

02 + 67 = 0267

(2) Plot The 6-Digit Coordinates. The procedures for plotting your grid coordinates are listed as follows:

reading.

(a) Place the proper coordinate scale of your protractor with the zero-zero point at the lower left
hand corner of the grid square 0267, keeping the horizontal line of the scale directly on top of the east-west grid line.
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(b) Examine the two sides of the coordinate scale to ensure that the horizontal line of the scale is
aligned with the east-west grid line, and the vertical line of the scale is parallel with the north-south grid line (see
figure 1205-5).

68
[y — -
10000 987654321
01 02 03

Figure 1201-5.

(c) Slide the protractor to the right until vertical grid line 02 intersects the horizontal scale at the
100-meter reading "5" (see figure 1201-6). This point 025, is your RIGHT reading.

68
67 — -
100 987654321
01 02 03

Figure 1201-6.

(d) Determine the position of your UP reading by plotting a point adjacent to your vertical scale
equal to your UP reading. In this case the UP value of the vertical scale is at the 100-meter reading 2 (see figure
1201-7). This point is not only your UP reading, 672, but is also the location of your 6-digit coordinate, 025672.
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Figure 1201-7

d. 8-Digit Grid Coordinates. In some mapping situations, it is desirable to further divide a 100-meter grid
square into 10-meter grid squares. This is done in the same manner as dividing a 1,000 meter grid square into 100-
meter grid squares, either through estimation or by use of a coordinate scale. The result is an 8-digit grid coordinate

which identifies a point on the map to within 10 meters. However, 6-digit grid coordinates, when accurately
determined, should meet all your needs for effective land navigation.

4. CONTOUR LINES. A contour line is a line representing an imaginary line on the ground along which all points
are the same elevation.

a. Contour lines have certain things in common.

(1) Contour lines indicate a vertical distance above or below the datum plane. (Example datum plane - sea
level.)

(2) The vertical distance between adjacent contour lines is known as contour interval, and the amount of the
contour interval is given in marginal information.

(3) Starting at sea level, the zero contour, each contour line represents an elevation above
sea level.

(4) On most maps the contour lines indicate the nature of the slope.

b. Types Of Contour Lines.

(1) Index Contour Line. Starting at zero elevation, every fifth contour line is drawn with a heavier line.
These are known as index contours. Someplace along each index contour the line is broken and its elevation is
given.

(2) Intermediate Contour Lines. The contour lines falling between index contours are called intermediate
contour lines. They are drawn with a finer line than the index contours and do not have their elevation given.

c. Determining Elevation. Using the contour lines on a map, the elevation of any point may be determined by:

(1) Finding the contour lines on a map from the marginal information, and noting both the amount and the
unit of measure.

(2) Finding the numbered contour line nearest the point for which the elevation is being sought.
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(3) Determining the direction of the slope from the numbered contour lines (index contour) to the desired
point.

(4) Counting the number of contour lines that must be crossed to go from the numbered index contour line
to the desired point and noting the direction - up or down. The number of lines crossed, multiplied by the contour
interval is the distance above or below the starting value.

(a) Ifthe desired point is on a contour line, its elevation is that of the contour line.

(b) For a point between contours most military needs are satisfied by estimating the elevation to an
accuracy of one half the contour interval.

(c) To estimate the elevation to the top of an unmarked hill, add half the contour interval to the
elevation of the higher contour line around the hill.

(d) To estimate the elevation of the bottom at a depression, subtract half the contour interval from the
value of the lowest contour line around the depression.

5. TYPES OF TERRAIN FEATURES. As you plan and execute land navigation, you must be able to recognize
and associate ground forms which you see or expect to see on the ground with the same features shown by contour
lines on the map. Once you can recognize these ground forms and understand their characteristics, you can better
use certain terrain features to your advantage and avoid those which might hinder you.

a. Hill.

(1) Representation. A hill is an area of high ground. From a hilltop, the ground slopes down in all
directions. A hill is shown on a map by contour lines forming concentric circles. The inside of the smallest closed
circle is the hilltop.

(2) Application To Navigation. Your ability to recognize hills on a map will help you greatly in land
navigation. You can plan your routes to avoid unnecessary travel over them. Checkpoints can be chosen on or near
a prominent hilltop. You can use a distant prominent hilltop to guide you. Identifying hilltops on the ground and on
the map can help you locate your position accurately (see figure 1201-8).

Figure 1201-8

b. Ridge.
(1) Representation. A ridge is a series of hills that are connected to each other near the top. A ridge line

may extend for many miles. It may be winding or quite straight. It may have a reasonably uniform elevation along
its top or it may vary greatly in elevation.
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(2) Application To Navigation. A ridge often serves as an ideal reference line during both day and night.
If a map study shows that the ridge is constantly on your left, then as long as you can see the familiar characteristics
of the ridge silhouetted against the skyline on your left, you know that you are heading in the proper general
direction. After passing through thick terrain, if the ridge line is no longer on your left, you know you are heading in
the wrong general direction. It is normally easier to maintain direction, observe steering marks, and move with less
obstruction by moving along the top of the ridge as opposed to the sides of the ridge (if the tactical disadvantage of
being silhouetted against the skyline is not a determining factor, and if the top of the ridge is fairly uniform) (see
figure 1201-9).
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Figure 1201-9.
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c. Saddle.

(1) Representation. This is a dip or low point between two areas of higher ground. A saddle is not
necessarily the lower ground between two hilltops; it may be simply a dip or break along a level ridge crest. If you
are in a saddle, there is high ground in two opposite directions and low ground in the other two directions. A saddle
is normally represented as an hourglass or by figure-eight shaped contour lines.

(2) Application To Navigation.
steering mark. Also, if you must cross a ridge, it is normally easiest to cross it at a saddle (see figure 1201-10).
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Figure 1201-10.

d. Finger.

(1) Representation. A finger is a short, continuous sloping line of higher ground, normally jutting out
from the side of a ridge or hill. A finger is often formed by two roughly parallel draws. The ground slopes down in
three directions and up in one. Contour lines on a map depict a finger with the U or V pointing away from high
ground.

(2) Application To Navigation. A distinct, unmistakable finger may be chosen as a checkpoint or steering
mark. In the defense, fingers provide good fields of view for observation posts. During movement, there is a
chance of being skylined when traveling on fingers (see figure 1201-11).
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Figure 1201-11
e. Draw.

(1) Representation. A draw is a short, continuous sloping line of low ground, normally cut into the side of
aridge or hill. Often, there is a small stream running down the draw. In a draw, there is essentially no level ground.
Therefore, little or no maneuver room exists within its confines. If you are standing in the middle of a draw, the
ground slopes upward in three directions and downward in the other direction. Contour lines (see figure 1201-12)
on a map depict a draw with the U or V pointing toward high ground.

(2) Application To Navigation. A draw may or may not be a wise route to follow. The sides of a draw are
often steep. The sides of draws are normally steeper than the fingers on both sides of the draw. Fingers normally
have convex slopes while draws normally have concave slopes. Therefore, when you must climb a hill, draws
provide an easy route at the bottom of the hill, but the route gets more difficult near the top when the sides of draws
are normally quite steep. Draws often provide good concealment during movement, but if the draw is covered by an
enemy machine gun, it could become a death trap due to its steep sides. A draw can be used to maintain direction.
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Figure 1201-12

(3) Distinguishing Between Draws And Fingers. Look at point “A” on figure 1201-13. Is it a finger or a
draw? If you think it is a finger, you are wrong. If you think it is a draw, you also are wrong. You see, from the
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amount of information given in the figure, you can not tell what type of terrain feature it is. You MUST look at the
surrounding terrain features. If there is a hill in the direction of the open end of the "U" then the feature is a finger;
if not, then it is a draw. If there is a stream in the middle of the feature, then is it a finger or a draw? That's right, a
draw. Along those lines, here's a trivia question for you - which way does the closed end of the "U" of the contour
lines point on a stream, upstream or downstream? You already have enough information to answer this. Which way
does the closed end of the "U" of the contour lines point in a draw? And where are streams, in draws or fingers? So
the correct answer is that the closed end of the "U" points UPSTREAM.

M/\A/\ =2

Figure 1201-13

f.  Valley.

(1) Representation. A valley is continuous line of low ground that normally rests in between two roughly
parallel ridges. Valleys often have streams or rivers running through them.

(2) Application To Navigation. If you are navigating through a valley that has a stream, keep in mind that
while a dry stream bed provides a relatively vegetation-free, easy-to-follow route, it will often meander back and
forth across the valley floor. During inclement weather, many streams are subject to flash flooding. Additionally,
the banks of streams, creeks, and rivers often contain mud flats, marshes, and extremely thick vegetation. During
tactical foot movements, keep in mind the need for security and silent movement. Moving silently while wading in
water requires a great deal of effort on the part of each Marine. Therefore, while the trace of a stream will often
provide an ideal reference line, it is recommended that you move away from the stream and use the valley as a
reference point.

g. Cuts And Fills.

(1) Representation.

(a) A CUT is a man-made feature resulting from cutting through high ground, usually to form a level
bed for a road or railroad track. Cuts are drawn with a contour line along the cut line. This contour line extends the
length of the cut and has tick marks that extend from the cut line to the roadbed, if the map scale permits this level of
detail (see figure 1201-14).

(b) A FILL is a man-made feature resulting from filling a low area, usually to form a level bed for a
road or railroad track. Fills are drawn with contour lines along the fill line. This contour line extends the length of
the filled area and has tick marks that point toward lower ground. If the map scale permits, the length of the fill tick
marks are drawn to scale and extend from the base line of the fill (see figure 1201-14).
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Figure 1201-14

(2) Application To Navigation. Prominent cuts and fills can often be used as checkpoints. If the map
shows that a road or railroad is punctuated with cuts and fills, it indicates that efforts have been made to eliminate

radical changes in slope.

h. Depression.

(1) Representation. This is a low point in the ground or a sinkhole. It is an area of low ground surrounded
by higher ground in all directions, or simply a hole in the ground. Usually only depressions that are equal to or
greater than the contour interval will be shown. On maps, depressions are represented by closed contour lines that
have tick marks pointing toward low ground (see figure 1201-15).

Figure 1201-15

(2) Application To Navigation. Prominent depressions can often be used as checkpoints. Because of the
usually steep sides of depressions, bypass them if possible.

i.  CIlff.

(1) Representation. A cliff is a vertical or near vertical terrain feature. It is an abrupt change of the land.
When a slope is so steep that the contour lines converge into one "carrying" contour of contours, this last contour
line sometimes has tick marks pointing toward low ground (see figure 1201-16).

(2) Application To Navigation: Prominent cliffs can often be used as checkpoints. Because of the steep
face of a cliff, it should be bypassed.
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6. DETERMINE DISTANCE ON A MAP.

a. Determining Straight-Line Distance.

(1) To determine straight-line distance between two points on a map, lay a straight-edged piece of paper
on the map so that the edge of paper touches both points and extends past them. Make a tick mark on the edge of
the paper at each point (see figure 1201-17). Remember that the center of the topographic symbol accurately
designates the true location of the object on the ground; therefore, measure all map distances from the center of the

topographic symbol.

Figure 1201-17
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(2) To convert map distance to ground distance, move the paper down to the appropriate unit of measure
on the graphic bar scale, and align the right tick mark (b) with a printed number in the primary scale so that the left
tick mark (a) is in the extension scale (figure 1201-18).
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Figure 1201-18
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In this case the right tick mark (b) is aligned with the 3,000 meter mark in the primary scale, thus the distance is at
least 3,000 meters. To determine the distance between the two points to the nearest 10 meters, look at the extension
scale. The extension scale is numbered with zero at the right and increases to the left. When using the extension
scale, always read RIGHT TO LEFT (see figure 1201-18). From the zero to the end of the first shaded square is 100
meters. From the beginning of the white square to the left is 100 to 200 meters; at the beginning of the second
shaded square is 200 to 300 meters. Remember, the distance in the extension scale increases from right to left. To
determine the distance from tick mark (a), estimate the distance inside the squares to the closest tenth. As you break
down the distance between the squares in the extension scale, you will see that tick mark (a) is aligned with the 950-
meter mark. Adding the distance of 3,000 meters determined in the primary scale, we find that the total distance
between (a) and (b) is 3,000 + 950 = 3,950 meters.

(3) There may be times when the distance you measure on the edge of the paper exceeds the graphic scale.
One technique you can use to determine the distance is to align the right tick mark (b) with a printed number in the
primary scale, in this case 5 kilometers (see figure 1201-19). You can see that from point (a) to (b) is more than
6,000 meters. To determine the distance to the nearest 10 meters, place a tick mark (c) on the edge of the paper at
the end of the extension scale (see figure 1201-19).
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Figure 1201-19

You know that from point (b) to (c) is 6,000 meters (5,000 from the primary scale and 1,000 from the extension
scale). Now, measure the distance between points (a) and (¢) on your sheet of paper the same way you did earlier,
only use point (c) as your right hand tick mark (see figure 1201-20). The total ground distance between start and
finish points is 6,420 meters.
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Figure 1201-20
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(4) One point to remember is that distance measured on a map does not take into consideration the rise
and fall of the land. All distances measured by using the map and graphic scales are flat distances. Therefore, the
distance measured on a map will increase when actually measured out on the ground (see figure 1201-21).
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Figure 1201-21.

b. Determining Irregular Map Distance. To measure distance along a winding road, stream, or other curved
line, you still use the straight edge of a piece of paper. In order to avoid confusion concerning the starting point and
the ending point, a six-digit coordinate, combined with a description of the topographical feature, should be given
for both the starting and ending points. Place a tick mark on the paper and map at the beginning point from which
the curved line is to be measured. Place a paper strip or other material with a straightedge along the center of the
irregular feature (see figure 1201-22), and extend the tick mark onto the paper strip. Because the paper strip is
straight and the irregular feature is curved, the straightedge will eventually leave the center of the irregular feature.
At the exact point where this occurs, place a tick mark on both the map and paper strip.
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Keeping both tick marks together (on paper and map), place the point of the pencil close to the edge of the paper on
the tick mark to hold it in place and pivot the paper until another straight portion of the curved line is aligned with
the edge of the paper. Repeat this procedure while carefully aligning the straightedge with the center of the feature
and placing tick marks on both the map and paper strip each time it leaves the center until you have ticked off the

desired distance (see figure 1201-23).
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Figure 1201-23.

Place the paper strip on a graphic bar scale and determine the ground distance measured.

7. PLOTTING A GRID AZIMUTH.

a. Azimuth Defined. An azimuth is a straight line from one point to another. This definition, however, leaves
much to be desired in understanding the complete meaning of the word azimuth as it applies to land navigation.
Therefore, the following definition is required: An azimuth is an angle measured in a clockwise direction from a
predetermined base line. Before attempting to determine or follow an azimuth in the field, you must have a clear
understanding of each part of this definition.

(1) An Azimuth Is An Angle. "An azimuth is an angle," means that it is part of a circle. But just how

much of a circle does each azimuth represent? If a circle were divided into 360 equal "slices of pie" each slice
would be one degree (see figure 1201-24).
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Figure 1201-24

(2) Measured In A Clockwise Direction. When we say that an azimuth is an angle measured in a
clockwise direction, we mean that each of the angles discussed above must have a starting point and from there
progress in numerical value in a clockwise direction around the circle until they return to the starting point. The
starting point has a value of 0 degrees, or (since it is also the final direction line) 360 degrees. It may be expressed
as either 0 degrees or 360 degrees. Since the degree value of azimuths always progresses in a clockwise direction,
all azimuths between 0 degrees and 180 degrees will be on the right side of the imaginary circle and all azimuths
between 180 degrees and 360 degrees will be on the left side of the circle (see figure 1201-24). Keep in mind that
there are only 360 degrees in a circle. When working map problems, if you mathematically arrive at a figure
exceeding 360 degrees, then you have gone completely around the circle and started over again. For example, if you
add 15° to 350°, it would be expressed as 5°, NOT 365°.

(3) From A Predetermined Base Line. When we say that an azimuth is an angle measured in a clockwise
direction from a predetermined base line, we mean that it is a certain number of degrees measured in a clockwise
direction from some sort of reference point. It is this portion of the definition that causes the most
misunderstanding, confusion, and often loss of direction in the field. This reference point or base line we are
referring to is north. There are three base lines--true north, magnetic north, and grid north (see figure 1201-25). The
most commonly used are magnetic and grid north.

1201H-20



TRUE NORTH MAGNETIC NORTH GRID NORTH

Figure 1201-25

(a) True North. The true north line is a line from any point on the earth's surface to the North Pole.
True north can be found at night by locating the North Star, which always points towards true north. True north is
usually represented on the declination diagram by a line ending with a star (see figure 1201-25). True north is used
almost exclusively when navigating without a compass.

(b) Magnetic North. The earth has a magnetic field that is close to (but not exactly on) the North
Pole. The direction to this north magnetic pole is indicated by the north-seeking arrow of your lensatic compass.
Magnetic north is usually symbolized on the declination diagram by a line ending with a half arrowhead (see figure
1201-25). Anytime you use the compass to plan or follow an azimuth in the field, you must work with azimuths
measured from magnetic north.

(c¢) Grid North. This base line is established by using the vertical grid lines on the map. Grid north
may be symbolized on the declination diagram by the letters GN (see figure 1201-25). Anytime you use a protractor
in conjunction with a vertical grid line to determine or plot an azimuth on a map, you must work with an azimuth

measured from grid north.

(4) When using grid north and magnetic north as base lines, you need to understand the difference
between a grid azimuth and a magnetic azimuth:

(a) A grid azimuth is an angle measured in a clockwise direction from grid north.
(b) A magnetic azimuth is an angle measured in a clockwise direction from magnetic north.
b. Determining A Grid Azimuth. There are two methods of measuring grid azimuths from one point to

another on the map. Whichever method you use, remember that you are dealing with GRID AZIMUTHS. A grid
azimuth CAN NOT be followed with a compass.

(1) Protractor And String Method. To use this method, you must first modify your protractor. Using a
needle and piece of thread, punch a SMALL hole through the index mark of your protractor. (The thread should be
about 6 inches long.) Tie a knot in the thread on each side of the protractor as close to the index line as possible to
secure the thread to the protractor. Now you are ready to go.
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(a) Place the index mark on your starting point. Ensure that the vertical base line is parallel with a
north-south grid line and the horizontal base line is parallel with an east-west grid line.

(b) Holding the protractor firmly against the map with one hand, stretch the piece of thread with
your other hand so that the thread intersects your second point.

(c) The point where the thread intersects the inside scale of the protractor is your azimuth (the
outside scale is in mils). This is the GRID AZIMUTH from the starting point to the second point.

(2) Protractor and Pencil Method. Before we get started with the steps for this method, you need to
understand something. If you go in a STRAIGHT line from one point to another, does the azimuth ever change? Of
course not. No matter where you are on that line of march, as long as you maintain a straight line, the azimuth never
changes. Remember that when you get to Steps 1 and 3 for this method.

(a) Using a straight edge, draw a line connecting the two points. This line needs to be at least 4
inches long so that the line reaches the edge of the protractor.

(b) Label the two points A and B, with your point A being your starting position.

(c) Place the index mark of your protractor on the line you just drew where that line intersects a
vertical grid line. This point should be as close to point A as possible. Ensure that the entire vertical base line on
your protractor is directly on the vertical grid line that your line intersects. If it is not, then your azimuth reading will
be inaccurate.

NOTE: The reason for placing the index mark on a point where your line intersects a vertical
(or horizontal) grid line instead of directly on point A is so that you get a more accurate
reading. Remember, as long as you are on that straight line from point A to point B,

the azimuth does not change.

(d) The point where the line intersects the inside scale of the protractor is your azimuth (the outside
scale is in mils). This is the GRID AZIMUTH from point A to point B.

C. Plotting A Grid Azimuth. To plot a grid azimuth on a map, follow these steps:
(1) Place the protractor on the map with the index mark at center mass of the known point.

(2) Ensure that the protractor’s vertical base line is parallel with the closest north-south grid line and the
horizontal base line is parallel with an east-west grid line.

(3) Make a mark on the map at the desired grid azimuth.

(4) Remove the protractor and draw a line connecting the known point and the mark on the map. You
have now plotted the grid azimuth.

(5) To plot a known distance onto that azimuth, use a piece of paper to transfer the distance from the scale

to the plotted azimuth. Remember, the azimuth you have just plotted is a GRID AZIMUTH. It can not be followed
using a compass.

1201H-22



d. Determining A Back Azimuth. A back azimuth is the opposite direction of an azimuth. It is the same as
doing an "about face." To obtain a back azimuth from an azimuth, ADD 180 degrees if the azimuth is 180 degrees
or less or subtract 180 degrees if the azimuth is 180 degrees or more. The back azimuth of 180 degrees may be
stated as 0 degrees or 360 degrees. So, what happens if you add when you should have subtracted or subtracted
when you should have added? You will come up with either a negative number, or one that is over 360 degrees.
Since you cannot express azimuths as either negative numbers or as numbers over 360 degrees then simply do the
opposite of what you did before. If you added 180 degrees, then subtract. If you subtracted 180 degrees, then add.

8. NAVIGATE USING THE LENSATIC COMPASS.

a. Lensatic Compass Description. The lensatic compass consists of three major parts:

*  cover
* Dbase
e rear sight

(1) Cover. This protects the floating dial and the glass encasement. It contains the sighting wire and two
luminous sighting dots for night navigation.

(2) Base.

(a) Floating Dial. This is mounted on a pivot so that it rotates freely when the compass is held level.
It contains the magnetic needle. A luminous arrow and the letters "E" and "W" are printed on the dial. The arrow
points to magnetic north. Letters fall at the east (E) 90 degrees and (W) 270 degrees. There are two scales: outer -
denotes MILS (black); inner - denotes DEGREES (red).

NOTE: Mil, is another unit of measure. The mil (abbreviated m), is mainly used in artillery,
tank, and mortar gunnery. The mil expresses the size of an angle formed when a circle
is divided into 6,400 angles with the vertex of the angles at the center of the circle. A
relationship can be established between degrees and mils. A circle equals 6400 mil

divided by 360 degrees, or 17.78 mils. To convert degrees to mils, multiply degrees by
17.78.

(a) Glass Encasement. This houses the floating dial and contains a fixed black index line.

(b) Bezel Ring. This device that clicks when turned. It contains 120 clicks when rotated fully. Each

click equals 3 degrees. A short luminous line is used in conjunction with the north-seeking arrow during night
navigation.

(c) Thumb Loop. This is attached to the base.
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(3) Rear Sight. This is used to lock the floating dial. The rear sight must be opened more than 45 degrees
to allow the floating dial to float freely.

(a) Lens. This is used to read the floating dial.
(b) Rear Sight Slot: This is used in conjunction with the front sighting wire when aiming at objects.
b. Handling The Compass.
(1) Inspection. Compasses are delicate instruments and should be cared for accordingly. Conduct a
detailed inspection before you use your compass. The most important part is the floating dial. It must float freely.

You must also ensure the sighting wire is straight, the glass encasement is not broken, and the numbers on the dial
are readable.

(2) Effects Of Metal And Electricity. Metal objects and electrical sources can affect the performance of a

compass (non-magnetic metals and alloys do not affect compass readings). To ensure the proper functioning of
your compass, keep a safe distance from the following metal objects:

High-tension power lines ..........cccoceevvieveviieeennenen. 55 meters
Field gun, truck, or tank .........ccccooevevvvvenvenrennnne . 10 meters
Telegraph or telephone wires and barbed wire ...... 10 meters
Machine GUN .......ccooceevieiieiirieeeee e 2 meters
Rifle oo 1/2 meter
Steel rim glasses ....c.ccoeveverenienienienieieieceeeeeee 1/3 meter

(3) Accuracy. A compass in good working condition is very accurate. However, you must periodically
check your compass on a known line of direction, such as a surveyed azimuth using a declination station. If your
compass has more than 3 degrees + variation, do not use it.

(4) Protection. When traveling with the compass unfolded, make sure the rear sight is folded down onto the
bezel ring. This will lock the floating dial and prevent vibration, as well as protect the crystal and rear sight from
being damaged.

b. Techniques For Using The Compass. The lensatic compass is used to determine or follow magnetic azimuths
during both the day and night. To use it with the maximum degree of accuracy, it is important that certain
techniques be understood and properly applied. Like developing techniques for shooting a rifle, you must develop
the proper holding position and practice until you master the techniques for accurately "shooting" an azimuth.

(1) Using The Centerhold Technique. This technique is faster and easier to use than the other techniques
(see figure 1201-26).
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Figure 1201-26.

(a) Open the compass cover so that the cover forms a straightedge with the base.
(b) Move the rear sight to the rearmost position to allow the dial to float freely.

(c) Place your thumb through the thumb loop and form a steady base with your third and fourth
fingers. Extend both index fingers along the sides of the compass.

(d) Place the thumb of the other hand between the lens (rear sight) and the bezel ring; place the
remaining fingers around the fingers of the other hand.

(e) Pull your elbows firmly into your sides.
(f)  Turn your entire body until the desired magnetic azimuth is under the fixed black index line.

(2) Using The Compass-To-Cheek Technique. This technique is used when you want to be more accurate
(see figure 1201-27). Follow these steps.

Figure 1201-27

(a) Open the compass so that the cover is vertical, forming a 90 degree angle with the base.

(b) Move the rear sight to the rearmost position to release the dial, then fold it slightly forward.
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(¢) Turn the thumb loop all the way down and insert your thumb. Form a loose fist under the
compass, steady it with your other hand, and raise it to eye level.

(d) Look through the rear sight notch and center the front sighting wire in the rear sight notch.

(e) Keeping the compass level and the sights aligned, rotate your entire body until the sighting wire is
lined up on a distant object.

(f) Glance down through the lens and read the azimuth directly under the black index line. The
azimuth you read is the magnetic azimuth from your position to the distant object.

c. Converting Azimuths. Because there is an angular difference between grid north and magnetic north, a
conversion from magnetic to grid or vice versa is needed.

(1) Declination Diagram. As previously discussed, azimuths measured with a protractor are grid azimuths
(measured from grid north), and azimuths determined with the compass are magnetic azimuths (measured from
magnetic north). You cannot follow a grid azimuth with a compass, nor can you plot a magnetic azimuth with a
protractor because of the angular difference between grid north and magnetic north. This angular difference
(between grid north and magnetic north) is called the G-M ANGLE (Grid-Magnetic angle). The G-M angle varies
for each map. Because of this angular difference (the G-M angle), before you can plot a magnetic azimuth on a
map, you must convert it to a grid azimuth. Likewise, before you can use a grid azimuth to navigate, you must
convert it to a magnetic azimuth. Declination diagrams display the difference between grid and magnetic north. A
complete set of instructions is included in MOST declination diagrams for your use in converting azimuths. The G-
M angle often is not expressed as a whole degree, such as 1/2 degrees or 7 degrees 15'. Since you will not need to
work with such precise numbers as minutes, round the G-M angle off to the nearest whole degree. If the G-M angle
is 1/20 or 30' then round the angle up to the next highest whole degree.

(2) Conversion Notes. Refer to the conversion notes that appear with the declination diagrams explaining
the use of the G-M angle (see figure 1201-28). One note provides instructions for converting a magnetic azimuth to
a grid azimuth. The other provides instructions for converting a grid azimuth to a magnetic azimuth. The

conversion (addition or subtraction) is governed by the direction of magnetic north relative to grid north.
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Figure 1201-28

(a) Converting Grid Azimuths To Magnetic Azimuths. The following is an example of part of a
declination diagram:

TO CONVERT A
GRID AZIMUTH TO A
MAGNETIC AZIMUTH

SUBTRACT G-M ANGLE

On a map with a G-M angle of 15 degrees, to convert a 39 degrees grid azimuth to a magnetic azimuth you simply
follow the instructions. Subtracting the G-M angle (15 degrees) from the grid azimuth (39 degrees), you get the
correct magnetic azimuth of 24 degrees.

(b) Converting Magnetic Azimuths To Grid Azimuths. Again, examine the following declination
diagram. The conversion note states:

TO CONVERT A
MAGNETIC AZIMUTH
TO A GRID AZIMUTH
ADD G-M ANGLE
To convert a 238 degrees magnetic azimuth to a grid azimuth you simply follow the instructions. Adding the G-M
angle (15 degrees) to the magnetic azimuth (238 degrees), gives you the correct grid azimuth of 253 degrees.
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d. Navigate During The Day. To successfully navigate, you must be able to determine from your map the best
routes to follow, plot these routes, and follow your desired compass azimuth. Almost all routes plotted on a map are
divided into a number of straight "legs." You must know the distance and azimuth for each leg of the march. A
good navigator is able to stay on course by using the compass in conjunction with steering marks, and by

understanding the factors that may cause you to wander off course.

(1) Determining Ground Distance By Pacing. Navigating involves many separate skills that are combined
to successfully get you from one point to another. Pacing is another one of these skills. It helps you determine how
much ground distance you have covered once you actually start moving on your route.

(2) Determining Your Average Pace Count. Many techniques have been developed for determining how
many steps it takes the average Marine to walk a given distance. Predominant among these techniques is the
"hundred meter pacing course." A distance of exactly 100 meters is marked on the ground. As you walk this
distance, keep a count of the steps you take. Count every other step (every left foot) to determine your count. This
is your "pace count" for the number of steps it takes you to walk 100 meters. The pace count for the average Marine
is 60 paces (per 100 meters). If you cannot determine your pace count ahead of time, use this number.

(3) Now that you know your pace count, you need to know how to apply it to land navigation. Once you
determine the distance that you need to cover (for example, how far you must travel on a leg of a patrol), you must
convert this distance into the number of steps you must take to cover that distance. The formula to do this is simple:

D xPC=P
100

D is the distance you must travel, PC is your pace count, and P is the number of paces you must take to travel that
distance.

e. Selection And Use Of Steering Marks. Selecting steering marks is the last important thing you must know
before you can start moving from one point to another. A steering mark is a well-defined object on your line of
march on which you can guide. These objects can be natural or man-made (hill, tree, building, etc.), a celestial body
(sun, stars, moon), or another person. One of the problems associated with selecting and using steering marks is that
an object often looks good when you select it, but will become obscured as you approach it. This may confuse you

and cause you to deviate from your intended line of march. The characteristics of good steering marks are discussed
below and should be kept in mind when you select a steering mark.

(1) A good steering mark must have some distinct and unique features such as:

e Color
e Size
e Shape

A good steering mark will have all three. This assures you that it will continue to be recognizable as you approach
it. A distant tree may appear to have a crooked limb which identifies it. However, upon entering the forest you may
find dozens of widely separated trees with similar limbs. Your steering mark has then served little purpose. A
steering mark must have a feature that distinguishes it from all other similar objects on your line of march.

(2) If several easily distinguishable objects appear along your line of march, the best steering mark would
be the most distant object and/or the highest. This will enable you to travel farther with fewer references to the
compass. The higher steering mark is not as easily lost to sight as is a low steering mark that may blend into the
background as you approach it.

(3) A steering mark should be continuously visible. If the terrain or vegetation ever blocks the steering
mark from view, take out your compass and select an intermediate steering mark. Continue using intermediate
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steering marks until your original steering mark comes back into view. To enter a wooded area thinking that you
will come out on the other side still heading in the correct direction is foolish. In thick vegetation, you can quickly
become disoriented and emerge from the thicket heading the wrong way with no steering mark in view.

(4) If you are navigating alone and there are no usable steering marks to your front, it is still possible to
proceed on an azimuth by referring to a back steering mark. Simply determine the back azimuth of the azimuth you
are following. Now face about, and see if there is a prominent object on line with the back azimuth. If none exist,
erect one where you are located (place a stick in the ground, pile up some rocks, etc.) When you continue on your
route, use the same principles that apply for a forward steering mark, except that you use back azimuths to maintain
the intended line of march and you must check your compass more frequently.

(5) If appropriate landmarks are not available at night, you may select a plainly visible star along your
line of march to serve as a steering mark. Remember though, due to the Earth's rotation, any star that you choose
will eventually either disappear under the horizon or will move too high in the sky to be of further use. If this
happens, choose another steering mark.

(6) If no natural or man-made object is visible on your line of march, have another Marine move forward
to serve as a steering mark. The distance he moves is determined by the terrain, amount of visibility, and the tactical
situation. Since this is time-consuming and may be tactically compromising, you should never use this technique
except as a last resort.

(7) Steering marks are selected as the march progresses. Shoot your azimuth, select the best steering
mark on this azimuth, and head to it. Whether you are navigating during daylight or periods of reduced visibility,
through densely wooded areas or open terrain, over short or great distances, every step you take should be toward a
selected steering mark. The natural human tendency to veer off course, even on short distances, is too great to
needlessly trust your ability to walk a straight line. So, whether it is an object which meets all the requirements of
an ideal steering mark, a star, or something as insignificant as a tiny patch of light in the foliage, ALWAYS, choose
something on your line of march.

f. Following A Compass Azimuth During The Day. The procedure for following a compass azimuth during
the day utilizes the compass-to-cheek technique and the selection and use of appropriate steering marks. Let's begin.

(1) Shoot your desired azimuth using the compass-to-cheek technique.

(2) Using the sighting slot and the sighting wire, choose the best steering mark that is directly in line with
your azimuth.

(3) Recheck your azimuth. The few seconds required for this are well spent.
(4) Close your compass to protect it during movement and step off towards your steering mark.

(5) Periodically spot check your azimuth by using the centerhold technique. You can do this without
stopping.

(6) When you arrive at your steering mark, stop and select a new steering mark. Continue repeating the
steps until your journey is complete.

NOTE. Ifyour steering mark becomes hidden from your view, stop and select another steering mark
immediately.

g. Navigating Using Dead Reckoning. The term "dead reckoning" derives from the seafaring days before the
arrival of modern navigational equipment when mariners would "deduce" (ded) how far they had traveled on their
course. Based on this deduction, they would "reckon" where they were located. To save room in the ship's log,
entries were abbreviated to read "ded-reckon." "Dead-reckoning" is a means of navigating using only pace counts
and azimuths. Terrain association is not used. In thick jungles, barren terrain, or when visibility is limited, you will
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not be able to associate your current position with visible terrain features on the ground. Dead reckoning may be the
only means you have available of knowing where you are located on your map. To navigate by dead reckoning, you
must accomplish the following:

(1) Determine Location, Distance And Azimuth. Determine your own location by any means. Then

determine the distance and magnetic azimuth between each leg of your journey.

(2) Step Off. During movement, make frequent reference to your compass to ensure you are moving in
the correct direction. Carefully select your steering marks (navigating with steering marks is NOT the same as
navigating by terrain association as steering marks are rarely shown on a map). Maintain an accurate pace count.
When you have paced off the appropriate number of steps on the appropriate azimuth, then you have reached your
objective (or checkpoint). Repeat the steps until you reach your final destination.

h. Following a Compass Azimuth at Night. The procedure for following an azimuth at night is basically the
same as for following an azimuth during daylight. In fact, on a bright, moonlit night, the procedures are identical
since you can see the compass dial clearly. However, because of the reduced visibility, night navigation will require
further consideration in selecting steering marks and applying the features of the lensatic compass intended for night
use.

(1) Setting The Compass For Night Use. The lensatic compass is equipped with special features which
enable you to follow an azimuth during periods of darkness. Around the base of the bezel ring is a series of 120
notches. On the forward edge of the body of the compass is a tiny bezel detent spring with its tip seated in one of
the notches. As the bezel ring is turned, the spring moves from notch-to-notch producing "clicks." Each click
equals 3°. This clicking action, used in conjunction with the luminous markings on the compass, provides a means
of setting your compass at night.

(2) Using The Click Technique. At night, an azimuth can be set on the compass by using the click
technique (see figure 1201-29). Remember that the bezel ring contains 120 clicks; each click equals 3 degrees. Use
the following steps to set a compass for night navigation.

.

20 -

i MAGNETIC ARROW
FIXED BLACK FLOATING DIAL

INDEX LINE SHORT LUMINOUS LINE

Figure 1201-29

(a) Rotate the bezel ring until the short luminous line is directly over the fixed black index line.
(b) Divide the azimuth you plan to travel by 3 to get the number of clicks you must rotate the bezel ring.

(¢) Rotate the bezel ring the desired number of clicks in a counterclockwise direction.

1201H-30



NOTE: If the number of clicks is greater than 60, you can subtract this from 120 and rotate the bezel
ring in a clockwise direction. For example, you would move the bezel ring 20 clicks
clockwise instead of 100 clicks counterclockwise.

(d) Hold the compass in the centerhold position and rotate your body until the north seeking arrow is
under the short luminous line.

(e) Step off by following the line indicated by the two luminous sighting dots on the compass cover.

NOTE: Do not follow the north seeking arrow.

i.  Selecting Steering Marks For Night Use.

(1) The general characteristics of a good steering mark for daylight navigation apply to steering marks
selected for night navigation. However, as darkness approaches, keep the following factors in mind when selecting
steering marks:

(a) Colors disappear at night and objects appear as black or gray silhouettes. If you select a steering
mark during daylight because of its distinctive color, it will be of little value as darkness sets in.

(b) During darkness, steering marks must be closer than during daylight.

(¢) During darkness, steering marks must have a distinctive silhouette. The silhouette of trees,
bushes, and similar objects will change because you see them from slightly different angles as you move up or down

hills and when you are detouring obstacles. This applies during daylight also, but to a lesser degree.

(2) Following An Azimuth Without Steering Marks. At times it will be so dark that you can see only a
few feet in front of you. When this happens, you have to follow your azimuth without steering marks. The only
way that you can stay on your azimuth is by frequently looking at the compass. Practice, experience, and patience
will enable you to successfully follow your azimuth under such conditions. But the human tendency to drift will
make this technique less accurate than if you use steering marks. You will have to overcome this inaccuracy by
thoughtfully selecting your route and checkpoints.

j-  Execution Of Navigation At Night. The techniques which produce successful navigation at night are
basically the same as those employed during daylight. However, special consideration and emphasis must be given
to those aspects of navigation which are affected by the limitations imposed by darkness.

(1) Terrain Association. Just as in day land navigation, at night you should be familiar with the terrain
that you will be negotiating. If you should be going down hill when you start off and you are going up hill, then
something is wrong. You won't be able to use terrain association to the same extent as during the day, so you may
have to rely on dead reckoning. Regardless of the situation, maintain an accurate azimuth and pace count.
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(2) Bypassing Large Obstacles At Night. Bypassing an unexpected obstacle at night is fairly simple--just
use the 90 degree offset technique. To make a 90 degree turn to the right, hold the compass using the centerhold
technique; turn until the center of the luminous letter E is under the luminous line (do NOT move the bezel ring).

To make a 90 degree turn to the left, turn until the center of the luminous letter W is under the luminous line. This
does not require changing the compass setting (bezel ring), and it ensures accurate 90 degree turns.

(3) NEVER use uncovered flashlights during night navigation because it will reduce your "night vision"
and possibly disclose your location to the enemy. If a light must be used, it should be a filtered light and should
ALWAYS be used under a poncho or similar cover. If your flashlight does not have a filter, cover the lens with a
thin layer of mud so that it reveals only enough light to serve your purpose. Many Marines of all ranks hold the
mistaken belief that because they have a red lens on their flashlight, they can not be seen by the enemy. THEY ARE
WRONG! They can be seen HUNDREDS of meters away.

(4) Checkpoints. Checkpoints must be easy to recognize. You should be familiar with the characteristics
of the checkpoint itself and the terrain features in its vicinity. You should know when you are in the vicinity of a
checkpoint. Although not always possible, a checkpoint for night navigation should be of such a nature that missing
it entirely is nearly impossible even though you are slightly off course. For this reason a line checkpoint is much
superior to a point checkpoint for navigating at night.

9. DETERMINE YOUR LOCATION.

a. Orient A Map. Your first step when navigating in the field is to orient your map. A map is oriented when
its north and south correspond to the north and south on the ground. There are two ways of orienting your map -
through the use of a compass and by terrain association.

(1) Using A Compass. When orienting a map with a compass, remember that compasses measure
magnetic azimuths. Since the north-seeking arrow of the compass points to magnetic north, pay special attention to
the declination diagram. Use the following technique to orient your map:

(a) With the map flat on the ground, place the straightedge (on the left side of the compass) along
the magnetic north arrow on the declination diagram so that the cover of the compass is pointing toward the top of
the map. This will put the fixed black index line of the compass parallel to the magnetic north arrow of the
declination diagram (see figure 1201-30).

(b) Keeping the compass aligned as directed above, rotate the map and compass simultaneously
until the north-seeking arrow is below the fixed black index line on the compass. Your map is now oriented.
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GRID NORTH

Figure 1201-30

(2) Using Terrain Association. You can orient your map using terrain association when a compass is not
available or when you have to make quick references as you move across country. Using this technique requires
careful examination of the map and the features on the ground.

(a) Identify Terrain Features. Identify prominent terrain features on the map that you can find on
the ground.

(b) Align Terrain Features With The Map. If there is a tower to your right front, then orient the
map so that the tower is to your right front. If there is a road off to your left, then ensure the road on the map is
parallel to the road on the ground. Once all of the features are lined up, your map is oriented.

b. Determining Your Position. Now that you can orient your map, you must find your location on a map. If

you know your approximate location on a map, a study of nearby terrain features will help you determine your
position.

(1) Determining Your Location By Inspection. You are standing in the vicinity of several prominent
features which can easily be located on the map. By orienting the map and estimating your relation to these
features, you should have no difficulty in determining your location.

(2) Determining Your Location By One-Point Resection. One-point resection is an accurate technique of
determining your location when you are on or near a linear feature that you can identify both on the ground and on
the map. You must also be able to identify another prominent feature, both on ground and on the map. To
determine your location by one-point resection follow these steps:

(a) Identify the linear terrain feature that you are located on or near in respect to the ground on your
map.

(b) Identify a prominent feature on the ground and locate that feature on your map.
(c) Using the compass-to-cheek technique, sight in on the feature and read the magnetic azimuth.

(d) Convert the magnetic azimuth to a grid azimuth.

(e) Convert this grid azimuth to a grid back azimuth.
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(f)  With your protractor, plot this grid back azimuth from the feature on the map and extend it until
it crosses the linear feature.

(g) Conduct a map inspection to verify your resection.

When selecting a terrain feature, choose one that is perpendicular to the axis of the linear terrain feature so that when
you plot the back azimuth on the map, the line will cross the linear feature more or less at a right angle. Figure
1201-31 illustrates the result of a good selection and a poor selection.

. ﬂWater
202
\Your Location
A. Good B. Poor

Figure 1201-31

NOTE: A one-point resection can still be done if you are not along a linear feature. Merely estimate
the distance between you and your prominent terrain feature. Plot this distance along the
back azimuth to get your approximate location.

(3) Determining Your Location By Two-Point Resection. Usually you will find that you are not located

on or near a prominent linear feature. Since the accuracy of a one-point resection under these conditions depends on
your ability to accurately estimate distance, it is better to use a two-point resection. The procedures for two-point
resections are basically the same as for one-point resections except you must select two features instead of one. The
back azimuths from each feature is determined and plotted on your map. You are located at the point where these
lines cross. If you have a compass and a protractor then follow these steps.

(a) Select two prominent features on the ground whose positions can be located on the map. These
features should be at least 30° but not greater that 150° apart (see figure 1201-32).

(b) Using the compass-to-cheek technique, determine the magnetic azimuth to each object.
(c) Convert these magnetic azimuths to grid back azimuths.
(d) With your protractor, draw the respective back azimuths from these two points on your map.

(e) Extend the azimuth lines from these two points until they intersect. You are located at the point
where these two lines cross.

(f) Conduct a map inspection to verify your position.
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Figure 1201-32

10. BY-PASSING OBSTACLES. Despite the amount of care you take in determining routes, choosing steering
marks, and using your compass to maintain a straight line of march, unexpected obstacles will often be encountered
which will force you to detour from your intended line of march. There are several ways to bypass obstacles.

a. Detouring Small Obstacles. If you encounter small obstacles, such as trees and bushes, go completely
around the obstacle to the center of the opposite side and continue your movement.

b. Detouring Large Obstacles Using Steering Marks. A large obstacle, such as a pond or impassable swamp,
can be successfully bypassed if there is a clearly defined steering mark on the far side of the obstacle. Decide
carefully whether the object will serve as a suitable steering mark. Remember that an object may have a
distinguishing characteristic when observed from a distance, but lose its identity as it is approached. As a final
precaution, always leave some mark, such as a small pile of rocks or a blaze (distinctive mark) on a tree on your side
of the obstacle, so you can return if you become confused while bypassing the obstacle.

EXAMPLE: You have been following an azimuth of 212 degrees toward your next checkpoint when
you come upon an impassable swamp. On the far side of the swamp you see a large pile
of rocks that is on a 212 degree azimuth (your original line of march). You can see that
this is the only pile of rocks in the area. (If there were others, you would have to carefully
study the characteristics of each rock pile and select several features, such as size, color,
and nearby objects, which would easily distinguish it from the other rock piles.) Estimate
the distance across the swamp, leave a mark on your side of the swamp, put your compass
away, and proceed to the rock pile by the easiest route. Upon reaching it you may
continue toward your checkpoint along a 212 degree azimuth. (Remember to deduct the
estimated distance across the swamp from the remaining distance on that leg.)

c. Detouring Large Obstacles Using Back Steering Marks. If there is no suitable steering marks on the far
side of the obstacle, you can bypass the obstacle if there is an easily distinguishable object on your side which can
be used as a back steering mark. If there isn't a suitable natural steering mark, then make one. Carefully examine
the terrain and shoreline along your line of march on the far side of the obstacle (this will help you estimate when
you are at the correct position). Now, estimate the distance across the pond, put away your compass, and proceed to
the other side by the easiest route. When you think you are back on your line of march, look back across the
obstacle for your back steering mark. Now break out your compass and shoot an azimuth to the back steering mark.
If you are in the right place, the mark will lie on the back azimuth of your original azimuth. If it is not, you have not
returned to your original line of march. You must move to your right or left until you find the spot from which the
mark lies at the correct back azimuth. When you have found this spot, you have returned to your original line of
march and may resume your original azimuth. (Again, don't forget to deduct the estimated distance across the pond
from your remaining distance on that leg.)

d. Detouring Large Obstacles Using The 90 Degree Off-Set Technique. If you are navigating at night or there
is absolutely no way to use steering marks, you can still stay on track using this technique.
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(1) Detour the obstacle by moving at right angles (plus or minus 90 degrees) for specified distances. For
example (see figure 1201-33), while moving on an azimuth of 90 degrees, change your azimuth to 180 degrees and
travel for 100 meters; change your azimuth to 90 degrees and travel for 150 meters; change your azimuth to 360
degrees and travel for 100 meters; then change your azimuth to 90 degrees and you are back on your original
azimuth line, 150 meters closer to your next checkpoint.

(2) You must maintain an accurate pace count for each leg of your detour. All paces which are in the
direction of your original line of march must be combined so that, upon returning to your original line of march, you
know the distances yet to be traveled to reach your next checkpoint. All paces at right angles (90 degrees) to your
original line of march must be computed so that, upon passing the obstacle, you know how many paces it will take
to return you to your original line of march. You should return to the original line of march as soon as possible after
passing the obstacle. The only sure way of knowing that you are back on this line is by maintaining an accurate
pace count.

Figure 1201-33

APPENDIXES:

A. Example of Land Navigation Evaluation Checklist
B. Sample of Practical Application

REFERENCE:

1. FMFM 21-26, Land Navigation
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APPENDIX A
SAMPLE PE CHECKLIST

LAND NAVIGATION PERFORMANCE EVALUATION CHECKLIST

Learning Objectives.

1. Without the aid of references and given a map, protractor, and eight (8) digit grid coordinates, plot the points on
the map in order to reinforce your knowledge and skills in navigating on land, per FM21-26. (SCRS12.01.01b)

2. Without the aid of references and given a map, protractor, and eight (8) digit grid coordinates, measure the
distance from one point to another in order to reinforce your knowledge and skills in navigating on land, per
FM21-26. (SCRS12.01.01c)

3. Without the aid of references and given a map, protractor, and eight (8) digit grid coordinates, determine the
grid azimuth between points in order to reinforce your knowledge and skills in navigating on land, per FM21-
26. (SCRS12.01.01d)

4. With the aid of references and given a checklist, area of operations, lensatic compass, map of the area, eight (8)
digit grid coordinates, starting point, finishing point, and as a member of a two (2) man team, navigate during
daylight hours in order to locate five (5) checkpoints on a map of the area in a time limit of four (4) hours in
order to reinforce your knowledge and skills in navigating on land, per FM21-26. (SCRS12.01.01h)

5. With the aid of references and given a checklist, area of operations, lensatic compass, map of the area, eight (8)
digit grid coordinates, starting point, finishing point, and as a member of a two (2) man team, navigate during
darkness hours on order to locate three (3) checkpoints on a map of the area in a time limit of four (4) hours in
order to reinforce your knowledge and skills in navigating on land, per FM21-26. (SCRS12.01.011)

instructions To The Student.

CLASSROOM PORTION. “For this class, you will be required to plot a total of (10) eight digit grid coordinates,
measure the distance between each point, determine the grid azimuth between the points, and convert the grid
azimuth to a magnetic azimuth. You will be graded by a checklist in accordance with FM 21-26. You will have 30
minutes to complete this task. If you have questions feel free to ask me, your time begins now.... Good luck.”

FIELD PORTION. “For the day land navigation, I will show you what the start-points and checkpoints look like.
Next we will move over to the 100 meter pace course, so you can determine your pace count for 100 meters. At this
time listen up for your safety brief, Instructor Note: (in accordance with your Academy SOP). You will have 4
hours to locate five points. The time on deck is now , your drop dead time is . Your drop dead time
means, the time that you will be back here inside the CP. Your escape azimuth is . Good Luck!!”

“For the night land navigation, we will move over to the 100 meter pace course, so you can determine your pace
count for 100 meters at night. At this time listen up for your safety brief, Instructor Note: (in accordance with your

Academy SOP). You will have 4 hours to locate three points. The time on deck is now , your drop dead
time is . Your drop dead time means, the time that you will be back here inside the CP. Your escape azimuth
is . Good Luck!!”
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NAME:

NAME:

Land Navigation
Performance Evaluation Checklist

PLATOON:

CARD #

GM ANGLE IS

DAY STARTING POINT #

DEGREES

STARTING POINT: (plotted Correctly 1 point)
1 Point Each 1 Point Each 1 Point Each
Plot Grid Plotted Grid Azimuth | Magnetic Distance Total
Point Correctly Azimuth Points
#1
#2
#3
#4
#5
Total Points
NIGHT STARTING POINT #
STARTING POINT: (plotted Correctly 1 point)
1 Point Each 1 Point Each 1 Point Each
Plot Grid Plotted Grid Azimuth | Magnetic Distance Total
Point Correctly Azimuth Points
#1
#2
#3
Total Points
Day Point Identification Answers 8 Points Each  Night Point Identification Answers 8 Points Each
Point # 1: Point # 1:
Point # 2: Point # 2:
Point # 3: Point # 3:
Point # 4: Total Points
Point # 5:
Total Points
Day Time: Time Points (0 or 5) Night Time: Time Points (0 or 5)

Total Points Land Nav:

Student’s Signature:

(Final Grade)

Evaluator’s Signature:
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APPENDIX B

SERGEANTS COURSE
SAMPLE PRACTICAL APPLICATION

Locate and identify the most prominent terrain or man made feature for the following grid location.

a.

b.

c.

93326721

89927653

91556780

92567314

89307351

Determine the straight-line distance between the following points.

a.

b.

C.

Garfield High School (9979) and Bel Air (9879).
meters

The intersection of route 640 and 234 (9078) and Bench Mark 101.9 (9177).
meters

Greenwood Church (9578) and Neabsco Church (9876).
meters

Determine the irregular map distance between the following points.

a.

The intersection of route 640 and route 234 (9078) and the intersection of route 646 and route 234 (8878)
along route 234.
meters

Bench Mark 124.0 (8779) and Lookout Tower (8781).
meters

The intersection of interstate 95 and route 610 (9975) and intersection of interstate 95 and route 234 (9772)
along interstate 95.
meters

Plot the following azimuths with your protractor and answer the questions in the space provided below.

a.

From Garfield High School (9979), plot a grid azimuth of 91 degrees. What topographical feature is
located 2000 meters away along this azimuth?

From LZ Duck (8274), plot a gird azimuth of 232 degrees. What topographical feature is located 5440
meters away along this azimuth?

From Cole School (8881), plot a grid azimuth of 195 degrees. What topographical feature is located 2050
meters away along this azimuth?
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5.

Resection (8 digit grid is required)

a.

You are moving NNE along an unimproved road located in grid 7078. You take a azimuth of the lake
toward the East of 105 degrees (magnetic), and another of the lake toward the South of 211 degrees
(magnetic). What is your position?

You are located somewhere 9167, you take an azimuth of 30 degrees (magnetic) to a dam that is 610
meters away. What is your located?

You are moving South along an unimproved road located in grid 9667. You take an azimuth SSW to
Ashrust School, which yields 229 degrees (magnetic), and another to the SE to a water tower which yields
146 degrees (magnetic). What is your position?
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